Experimental Miliaria in Man II. Production of Sweat Retention Anidrosis and Miliaria Crystallina by Various Kinds of Injury* by Shelley, Walter B. & Horvath, Peter N.
EXPERIMENTAL MILIARIA IN MAN
II. PRODUCTION OF SWEAT RETENTION ANIDR0sIs AND MILIARIA CRYSTALLINA
BY VARIOUS KINDS OF INJURY*
WALTER B. SHELLEY, Ml)., Pn.D. AND PETER N. HORVATH, M.D.
The first paper in this series (1) described a method of producing sweat re-
tention anidrosis and miliaria crystallina experimentally by means of ionto-
phoresis. In the present report, further methods of inducing these changes are
presented.
METHOD
Sixty-five normal healthy young male subjects were studied. The sites treated
were all on the back, since this afforded the largest area of uniform sweating.
Subjects showing an irregular sweat pattern or a very low sweat rate were not
used.
In essence, the experimental procedure consisted of an analysis of the effect
of minor epidermal injuries on the sweat gland unit. Following each injury, skin
changes and sweating rates were regularly observed for periods up to one month.
The injuries to the skin varied in intensity and were produced by each of the
following eight different methods:
1. Maceration (wet dressings)
2. Adhesive tape
3. Aluminum chloride
4. Phenol
5. Chloroform
6. Ultraviolet lamp
7. Heat
8. Cold
Maceration effects were obtained by applying a moistened gauze pad to the skin for one
to five days. This pad was kept in place by adhesive tape and was rewetted with tap water
three times a day.
The effect of adhesive tape itself was studied by applying various kinds of commercially
available tape to the skin. Contact was maintained for from one hour to ten days.
Aluminum chloride in a 25 per cent aqueous solution was applied under a standard closed
adhesive patch for from one to five days.
Phenol injury was induced by a single application to the skin of a 95 per cent aqueous
solution of phenol. When blanching of the skin had occurred, excess phenol was removed
with a cotton pledget soaked in 70 per cent ethyl alcohol.
Using an inverted bottle, chloroform was applied to the skin for a single fiveminute
period.
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Small areas (2 x 2 cm.) were exposed to ultraviolet lamp irradiation (hot quartz) for
from one to four minutes at a distance of thirty inches.
Thermal injury was accomplished by means of the thermophore (2) using contact temper-
atures ranging from 130 degrees to 180 degrees Fahrenheit. A single application of varying
duration was made. The weight of the instrument served as a constant pressure factor.
Solid carbon dioxide was used to injure the skin by cold. Blocks of identical size (2 x 2
cm.) were applied with gentle pressure for a single period of one, three, or five seconds.
During the period of observation, the subjects were cautioned to use neither towel nor
soap on the treated areas.
At various intervals (one hour to one month) after the injury to the skin, the
subject was stimulated to sweat profusely by means of a heat cabinet (1). It
should be stressed that observations were made largely in the winter to eliminate
the factor of uncontrolled sweating. The sweat rate was qualitatively graded ac-
cording to the systems described in the first paper (1). Clinical observations were
made before, during, and after sweating. A binocular dissecting microscope was
used for the study of the vesicles. Representative skin biopsy specimens were
taken on thirty-seven of the subjects who developed local vesiculation whenever
sweating was induced. The tissues were routinely fixed in formaldehyde and
imbedded in paraffin. Each biopsy specimen was serially sectioned (6 microns)
through the entire block and stained with hematoxylin and eosin.
RESULTS
1. Maceration (wet dressings) .—These studies on thirty subjects indicated that
no gross changes were observable in the treated area in the subject not sweating.
However, in the subject who was stimulated to vigorous, generalized sweating,
the treated areas showed partial to complete anidrosis (Figure 1). Moreover, in
these areas of anidrosis tiny, discrete, superficial, clear vesicles appeared following
the stimulus to sweating (Figure 2). These vesicles, asymptomatic and not asso-
ciated with any erythema, clearly duplicated miliaria crystallina. Infrequently
it was found that an erythematous base and an associated pruritus were present.
This latter aspect will be discussed in the third paper in this series (3).
During cooling the vesicles involuted, but could be made to rea.ppear at will
by reheating the subject. However, after a period of from ten to fourteen days,
or earlier if desquamation had occurred, sweating returned to normal and
vesicles could not be made to appear. Anidrosis and vesiculation were most
striking in the areas treated for four or five days. The two and three day wet
dressings had the same effect but to a lesser degree. Variations in individual
response was also noted. Vesicles could not be made to appear in the treated
area when atropine sulfate (0.5 mg.) was injected intradermally in the area.
Biopsy material from four subjects revealed keratotic plugging of the sweat
ducts (Figure 10). It was not possible to see the vesicles in the sections studied
because they were apparently ruptured in the process of cutting. Control biopsy
specimens of untreated skin showed no changes of note.
2. Adhesive tape—Specific studies were made on forty men, although random
observations were made on many more individuals. (Subjects with allergic sensi-
tivity to tape were not used in this study.) In non-sweating subjects, the areas
which had been taped showed no cutaneous changes.
Fin. 1. Localized anidrosis following superficial epidermal injury.
After fifteen minute heat exposure, subject's back was sprayed with quinizarin. Light
areas are anidrotic whereas dark areas indicate presence of sweat. Five days previously
this subject had received standardized injury to various areas.
Left Side
Phenol (triangular area top)
Tape (irregular border)
Aluminum chloride (rectangular)
Ultraviolet light (lower-most)
sparse and without concomitant changes. However, in some men erythema and
pruritus did occur on sweating (3).
Tape which was on the skin for less than eight hours had little or not effect on
sweating, whereas that which was on for three to ten days was most effective in
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In the sweating subjects the treated areas showed varying degrees of anidrosis
(Figure 1) with or without vesicle formation (Figure 3). The findings precisely
duplicated those given in the above section on maceration. The vesicles were
Right Side
CO2 (crescent shape)
Heat (small round area central)
Chloroform (large round)
Maceration (border is anidrotic due to tape)
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producing anidrosis. These changes could be noted immediately upon removal
of the t.ape and persisted for several weeks. Different types and brands of tape
had varying degrees of effectiveness; for example, scotch tape had less effect
than ordinary adhesive tape. Adhesion of the tape was important since no effect
could be noted at the points at which crinkling of the tape had occurred.
The formation of vesicles was completely inhibited by the local injection of
atropine.
On biopsy, keratotic plugging on the openings of the sweat ducts was seen
(Figure 11). No particles of tape could be visualized in the duct. Again, no intact
vesicles could be seen in any of the sections. Figure 2 shows a good example of
the dilatation of the sweat duct, presumably due to back pressure of retained
sweat.
3. Aluminvm chloride.—Twenty-three subjects were observed in this phase
of the study. In the non-sweating subject, the treated areas were indistinguish-
FIG. 2. Miliaria crystalline due to maceration
Wet dressing had been in place three days. Superficial vesicles appeared on fifth day
following thirty minutes of generalized sweating.
FIG. 3. Miliaria crystallina due to adhesive tape
Tape had been applied for four days. Superficial vesicles appeared in anidrotic area after
thirty minutes exposure to heat on sixth day. These non-inflammatory vesicles are identical
with those seen in area injured by maceration or aluminum chloride.
FIG. 4. Sweat retention vesicles due to phenol
Phenol (95 per cent) was applied to local area for three seconds five days previously.
This photograph was taken after subject had been sweating for thirty minutes, during
which period these vesicles developed on an anidrotic area. Some confluence of vesicles has
occurred. Note phenol effect in deleting skin markings.
FIG. 5. Sweat retention vesicles due to chloroform
Chloroform in inverted bottle was applied for five minutes five days previously. On ex-
posure to thirty minutes of heat, these vesicles developed in area corresponding to rim of
bottle.
FIG. 6. Sweat retention vesicles due to irradiation by ultraviolet light (hot quartz lamp)
Area was irradiated (30 inches—31 minutes) seven days prior. Exposure to heat revealed
area to be anidrotic and these vesicles developed after thirty minutes. Dark area, as in
Figure 1 also, indicates erythema.
FIG. 7. Sweat retention vesicles due to injury by heat
Circular area treated with themophore (1800 F —touch) seven days prior to exposure
to heat. Vesicles developed in anidrotic areas after thirty minutes of sweating. Note ery-
thema.
FIG. 8. Sweat retention vesicles due to injury by cold
Area to which dry ice was applied for three seconds seven days prior to exposure to heat.
These vesicles developed in course of sweating. Note erythema.
FIG. 9. Sweat retention vesicles due to iontophoretic injury
By comparison note more marked sweat retention vesiculation occurring in area in which
iontophoresis current was applied. Here injury can be accurately and finely graded so that
many sweat duct orifices are capped to desired extent. The above area received 2.5 ma/cm2
for two minutes nine days before sweating was induced. The area was completely anidrotic.
Tiny black areas occluded sweat duct openings.
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able from adjacent normal skin. In the sweating subject, a striking local anidrosis
(Figure 1) was seen in the treated areas, Vesicles with or without an erythema-
tous halo could also be produced, as described above, by continued sweating.
These vesicles were small, clear, superficial ones identical with those seen in
miliaria erystallina.
Exposure to aluminum chloride solution for as short a period as four hours was
effective in inducing these changes. Furthermore, the anidrosis following alu-
minum chloride patch tests was more prolonged and complete than that found
with the other modalities. But generally, after two to three weeks, the anidrosis
and vesicles were no longer to be seen.
Local atropine injection prevented vesicle formation.
Biopsy specimens from three men revealed keratinous plugging of the sweat
duet (Figure 13). Intact vesicles could not be found.
4. Phenol.—In twenty-one individuals areas of skin were treated with phenol.
In the non-sweating subject, the treated areas were generally erythematous and
pigmented. In the sweating subject, local anidrosis (Figure 1) was noted with
the development of vesicles (Figure 4) and, at times, bullae. These vesicles showed
irregularities in size and shape which distinguished them from miliaria crystal-
lina. Sweating in the phenol-treated areas returned to normal rather rapidly
(one week) and vesicles then could not be made to appear. This phenomenon was
associated with desquamation.
Local atropine injection was effective in preventing the appearance of yes-
ides or bullae.
Biopsy material from two subjects showed large vesicles (Figure 14) within
the stratum eorneum. On serial section these proved to be in direct connection
with the sweat ducts. Numerous large keratinous plugs were seen in the sweat
duct orifices.
Fru. 10. Sweat duct capping in maceration area (80 X)
Area had been covered with muistened gauze fur three days. Biopsy taken two days later
after thirty minutes sweating in area which was anidrotic and showed tiny vesicles. Vesicles
did not appear in aerial sections apparently due to rupture of wall.
Fio. 11. Sweat duct plugging in adhesive tape area (160 N)
Area had been covered with adhesive tape for three days. Biopsy four days later (during
sweating) in anidrotic area.
FIG. 12. Dilatation of sweat duct in adhesive tape areas (80 N)
Same as Figure 10, showing dilatation of sweat duct which occurs as a result of sweat
retention.
FIG. 13. Sweat dnct blockage due to AId, (160 N)
AIC1, patch test (25 per cent aqueous) was applied to area for forty-eight hours; three
days later biopsy was taken after thirty minutes of sweating. Sweat duct is dilated due to
closure of orifice with retention of sweat.
FIG. 14. Sweat retention vesicle in phenol treated area (80 N)
Site was painted with phenol for three seconds one week before biopsy (during sweating).
No vesiele is in stratum eorneum. Vesicles were numerous and on several sections reveal
direct communication with underlying sweat duct, although clearage did occur at time with
lateral extension and tunneling due to pressure of entrapped sweat.
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5. Chloroform.—In sixteen of the subjects, areas of skin were treated with
chloroform. Non-sweating subjects showed no change or only slight pigmentation
in the areas where the rim of the bottle had been in contact. Centrally the skin
was clear. In the sweating subjects, anidrosis, vesicles, and bullae developed
(Figures 1 and 5), in the area which had been in contact with the rim of the bot-
tle. The central area generally remained clear.
These vesicles also involuted during cooling and were prevented by atropine
injections. The latent period w-as not determined; however, it was found that the
skin returned to normal in about ten days.
Fio. 15 Fio. 16
Fin. 15. Capped sweat duet in chloroform treated area (160 X)
Site of biopsy had five minutes' exposure to chloroform one week prior. Area was ani-
drotic. Note localized hyperkeratotic and parakeratotic plaque over sweat duct.
Fjo. 16. Sweat duct plugging in ultraviolet light irradiated area (160 X).
Note hyperkeratotic plug in sweat duct in area which had received three and a half
minutes (30-inch) exposure to hot quartz mercury arc lamp one week prior. Area was ani-
drotic.
Biopsy of the vesicular lesions in two cases showed keratinous plugs of the
sweat duct orifices (Figure 15). The vesicles did not appear clearly on section.
6. Ultraviolet lamp.—Multiple areas were irradiated on seventeen subjects.
In the non-sweating subject, the treated areas invariably showed erythema
followed by pigmentation and desquamation. In the sweating subject, these areas
were anidrotic (Figure 1) and developed superficial vesicles (Figure 6) with a
crinkly surface. Neither the anidrosis nor vesicles could be produced until after
a latent period cf several days. Again, after desquamation, vesicles could no
longer be produced and the skin returned to normal except for the persistence of
pigmentation. Vesicle formation was prevented by local atropine injections.
On histological examination (five subjects) keratotic plugging of the sweat
duct orifices was the significant finding (Figure 16). The fragile vesicles could
not be demonstrated under the microscope.
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7. Heat.—Nineteen subjects were subjected to this stimulus. The treated areas
showed evidence of a first degree burn with erythema and pigmentation. In
areas in contact with a temperature of 145 degrees Fahrenheit or over for one to
four seconds, anidrosis (Figure 1) did develop after a latent period. Vesicles
arose in these anidrotic areas whenever the stimulus to sweat was vigorous and
prolonged (Figure 7).
At contact temperatures below 136 degrees Fahrenheit, it was not found pos-
sible to produce anidrosis.
Local atropine injections were effective here also in preventing vesicle forma-
tion.
FIG. 17 FIG 18
FIG. 17. Sweat retention bulla in heat treated area (160 X)
Site received four seconds exposure to thermaphore at 145°, four days before biopsy
taken. Vesicles and bullae appeared only after sweating induced in thermal cabinet. Note
dilated duct and bulla in stratum corneum. Destructive effect seen in epidermis to the left.
FIG. 18. Dilated sweat duet in area injured by cold (160 X)
Solid CO, applied for three seconds to area one week prior. Note dilatation of duct due
to entrapped sweat.
Biopsy specimens from two areas revealed hyperkeratotis, hyperkeratotic
plugs in the sweat duct orifices, and vesicles in the stratum corneum. The duct
walls showed a coagulation necrosis (Figure 17). In some areas a marked round
cell infiltrate was seen in the upper cutis.
S. Cold.—The treated areas (eleven men) showed the usual inflammatory
response to superficial freezing by dry ice. After a latent period of several days
the men were stimulated to sweating. The treated areas remained anidrotic
(Figure 1) in the presence of generalized sweating. Vesicles (Figure 8) and bullae
appeared as the stimulus to sweating continued, only to disappear a few hours
after cooling the subject. These effects persisted for approximately ten days, or
until superficial desquamation occurred.
F
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As before, the vesico-bullae could not be made to appear when atropine was
injected locally in concentrations sufficient to prevent the secretion of sweat in
the treated area.
Biopsy specimens from three sites revealed hyperkeratosis, parakeratosis,
hyperkeratotic plugging of sweat ducts (Figure 18), as well as large vesicles in the
stratum corneum. In those areas in which injury had been marked, the epidermal
cells showed degenerative changes, and a heavy infiltrate of inflammatory cells
was seen in the corium.
DISCUSSION
Miliaria crystallina is an asymptomatic, superficial, noninflammatory, vesic-
ular dermatosis due to sweat retention. It is usually described as occurring in
hospitalized patients during febrile episodes associated with profuse sweating.
It is interesting to note that miliaria crystallina does occur under other cir-
cumstances, and may pass unrecognized. The following may be cited as examples:
Miliaria crystallina vesicles commonly occur in sunburned areas when vigorous
sweating occurs. In this situation they may be misinterpreted as epidermal
vesiculation directly due to the burn. Actually, they result from the trapping
of sweat in the stratum corneum. Darier (4) stated that miliaria may be seen
under occlusive dressings in the hot season or in the course of treatment with
keratoplastic agents. More recently Miller (5), on the basis of histopathologic
studies, has stressed that in some cases of contact dermatitis, sweat retention vesi-
des do occur. Another example of miliaria crystallina, which we have seen pass
unnoted, is that occurring at the site of application of adhesive tape. Lastly,
Baldridge (6) has seen the development of typical miliaria crystallina vesicles
in an area which had been traumatized by pressure several days previously.
The fundamental histopathology of miliaria crystallina was brilliantly de-
scribed by Robinson (7) in 1884. His work indicated that miliaria crystallina
was the result of sweat retention due to blockage of the sweat duct orifices.
Hence, the common denominator of the above described clinical examples would
appear to be obstruction of the sweat duct orifice.
The present report is the first instance of a study of experimentally produced
miliaria crystallina. The observations made appear to indicate that various
minor superficial epidermal injuries may produce abnormal keratinization. This
results in an invisible hyperkeratotic plugging and capping of the sweat duct
orifice without any effect on the sweat gland secretory epithelium. As a result,
sweat continues to form under stimulation but it is entrapped within a closed
duct. Externally, local partial to complete anidrosis is found. As intraductal
pressure increases, a further stage is reached when sweat escapes from the duct
into the stratum corneum. Here the sweat forms a superficial vesicle identical
with that seen in clinical miliaria crystallina. It is not associated with symptoms
or inflammation since its location in the stratum corneum is one devoid of nerve
and vascular connections.
Unfortunately there are no specific direct measures to identify whether or not
a vesicle contains sweat. However, under these experimentally controlled condi-
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tions, it could be reasonably accurately concluded that in each case the vesicles
seen resulted from the retention of sweat since:
1. The vesicles appeared and enlarged only when the subject was stimulated
to sweat; that is during exposure to high temperatures. In a cool environment
the vesicles underwent involution.
2. The vesicles could not be made to appear in areas in which the sweat gland
was inactivated by the parasympatholytic drug, atropine.
3. The vesicles appeared at the site of the sweat pores grossly, and on biopsy
could be seen to be in direct communication with the sweat duct.
Anidrosis and vesicles could be produced in each subject studied, although
the critical level of injury gave evidence of individual differences in suscepti-
bility. Moreover, within any given area, differences were to be noted in response.
In other words, vesicles would form at some but not all of the pores. No ready
explanation for this is at hand, but it is partially due to the fact that the injury
was not uniform throughout the area. Accordingly, vesicles were more numerous
(Figure 9) in the areas treated with iontophoresis where injury could be more
uniformly and precisely administered.
Maceration, adhesive tape, and aluminum chloride uniformly led to the
development of an uncomplicated anidrosis and miliaria crystallina. On the
other hand, phenol, chloroform, and ultraviolet light did not produce such a
pure pattern. Here, erythema and inflammation were present. Finally, injury
from heat and cold was relatively massive due to the lack of delicate control
over exposure. The vesicles, although definitely formed by retention of sweat,
could no longer be classed as miliaria crystallina. They were more accurately
labeled sweat retention vesicles.
Although the reported studies on the effect of ultraviolet irradiation were done
using a hot quartz lamp, the same changes could be induced by a cold quartz
lamp. Similarly, it was found that both the anode and cathode could be used as
electrodes in producing these effects by iontophoresis. In the first report (1),
it was pointed out that only the anodal electrode was effective under the condi-
tions studied. However, by increasing the intensity and duration of treatment,
it was later found that a sweat retention anidrosis with vesicles could be produced
under the cathode also.
The production of miliaria crystallina by the use of chloroform was the result
of an attempt to duplicate O'Brien's (8) work on lipoid depletion. Trial runs
were made on the effect on the skin of five minute contact with various fat sol-
vents including benzene, ether, xylol, carbon tetrachloride, and chloroform.
Chloroform was definitely the most irritating and it alone led to the appearance
of miliaria crystallina when applications were made for five minutes. Further-
more, addition of lanolin to the chloroform greatly lessened both the irritancy
and effectiveness of the chloroform to induce miliaria crystallina. On the basis of
these tests, it appeared that epidermal injury, rather than removal of lipoids,
was etiologically responsible for the development of miliaria crystallina.
Generally, it was noted that a latent period intervened between the time of
treatment and the time at which anidrosis first could be demonstrated. However,
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immediately after some of the measures (e.g., phenol, heat, and cold), a transi-
tory urticaria was present which produced a certain degree of anidrosis. Vesicles
never could be made to appear until after a latent period.
It should be stressed that in all instances the effects noted were transitory,
since desquamation was associated always with a return to normal sweating.
At such times, vesicles could no longer be produced.
The histopathological picture was basically the same in all of the biopsy
specimens studied. It was unfortunate that the delicate superficial vesicles
usually were ruptured in preparation, precluding accurate histological study.
However, in some examples (phenol, chloroform, heat, and cold), the vesicular
wall remained intact. In these cases, the vesicle could be seen to be situated
in the stratum corneum, exactly duplicating the primary finding in clinical
miliaria crystallina.
SUMMARY
Miiaria crystallina and sweat retention anidrosis were experimentally induced
in man by various minor epidermal injuries. A superficial injury by any one of
the following means was sufficient to lead to local sweat retention vesicles and
anidrosis whenever sweating occurred: maceration, adhesive tape, aluminum
chloride, phenol, chloroform, ultraviolet light, heat, and cold.
On the basis of physiologic and histologic study, it appeared that non-specific
epiderrnal injury produced an obstructive hyperkeratotic plugging of the sweat
duct orifices. Upon stimulation of the sweat gland, anidrosis, local sweat reten-
tion, and miliaria crystallina type vesicles resulted.
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